Abstract: Recent evidence suggests that population declines of bird species associated with early-successional forest conditions may be associated with reduced quality of breeding habitat. Increasing intensity of forest management on private lands and decreased harvest rates on federal lands in the Pacific Northwest, USA, have resulted in a loss of diverse young forest stands, typically called early seral forest. Previous studies suggest that the amount of early seral broadleaf cover within conifer forests is linked to the composition of foliage-gleaning bird communities. However, information regarding productivity and juvenile use of post-breeding habitat in highly modified plantation habitat is lacking. We examined the relationship between vegetation structure resulting from intensive forest management practices and the abundance of five species of leafgleaning, neotropical migrants: orange-crowned warbler (Oreothlypis celata (Say, 1823)), Wilson's warbler (Wilsonia pusilla (A. Wilson, 1811)), MacGillivray's warbler (Oporornis tolmiei (J.K. Townsend, 1839)), Swainson's thrush (Catharus ustulatus (Nuttall, 1840)), and black-headed grosbeak (Pheucticus melanocephalus (Swainson, 1827)). All species, except MacGillivray's warbler, showed positive associations with the amount of early seral hardwood cover as fledglings, breeding adults, or both. However, the relative magnitude of these associations varied, suggesting that other factors may also have influenced avian responses. Abundances of breeding pairs and young are likely to show positive responses to management practices that increase early seral hardwood cover in regenerating stands. If adopted at landscape and regional scales, such practices may positively influence population trends of several declining bird species.
Introduction
Intensification of forest management represents one response to rising global demand for wood and paper products. However, trade-offs may exist between management intensification and the maintenance of biological and functional diversity within these forests (Hayes et al. 2005) . Intensive forest management often includes clearcutting, replanting of a conifer monoculture, and control of competing vegetation with herbicides (Adams et al. 2005) . Herbicides suppress naturally regenerating vegetation that can depress growth rates of young conifer seedlings, decreasing the amount and longevity of naturally regenerating broadleaves (Harrington et al. 1995) . In the Oregon Coast Range of the Pacific North-west, USA, the increasing management intensity on private lands (Guynn et al. 2004 ) coupled with reduced harvest rates and the promotion of late seral forest on federal lands (Spies et al. 2007a ) has resulted in a net loss of diverse young forest stands, typically called "early seral forest" (Kennedy and Spies 2005) .
The potential link between the loss of early seral habitat and population declines of several avian species is a conservation concern (Keller et al. 2003) . Recent evidence suggests that some population declines may be strongly associated with the loss of high-quality early seral broadleaf forest on the breeding grounds (Betts et al. 2010) . Breeding bird survey results from 1966 to 2007 in the South Pacific Rainforest Bird Conservation Region (Rich et al. 2004) show yearly declining trends for several neotropical migrant bird species that breed in early seral habitat (Sauer et al. 2008) .
Hardwood species, which are broadleaved plants with the potential to grow into subtrees or trees, may be particularly important as avian habitat either directly as structure for cover and nesting or indirectly through the availability of insect prey . Several hardwood species have been identified as important contributors to early seral forest food webs, including red alder (Alnus rubra Bong.), bigleaf maple (Acer macrophyllum Pursh), vine maple (Acer circinatum Pursh), red elderberry (Sambucus racemosa L.), cherry (Prunus spp.), and California hazel (Corylus cornuta Marshall) (Hagar 2007) . Compared with conifers, the leaves of these hardwood species may support a higher abundance of the arthropods that are important prey food sources for insectivorous birds (Hammond and Miller 1998; Hagar 2007) .
Previous results indicate that the canopy cover of these hardwood species within intensively managed early seral conifer plantations is strongly associated with the abundance of insectivorous leaf-gleaning bird communities (Ellis and Betts 2011) . However, adult abundance does not necessarily indicate habitat quality or the degree of reproductive success (Skagen and Yackel Adams 2011) . Habitat requirements for nesting may exceed requirements for occupancy (Guénette and Villard 2005) . Also, a formerly reliable environmental cue for adult fitness in natural forest habitat (i.e., hardwood cover) could induce species into an ecological trap if demographic responses are reduced in plantation forests (Schlaepfer et al. 2002) . Unfortunately, independent juveniles, nests, and other measures of habitat quality are challenging to observe in early seral forest of the Pacific Northwest (Ralph et al. 1993) ; as a result, few studies conducted in intensively managed forests have considered measures aside from the abundance of adult males (Lampila et al. 2005) . Previous community-level investigations found few differences in species richness across a gradient in hardwood cover, even within the leaf-gleaning guild (Ellis and Betts 2011) . However, absence of community-level effects does not imply that individual species are unresponsive to intensive forest management. Thus, a need exists to consider the responses of individual species to the vegetation structure and composition associated with intensive forest management.
Our objectives were to (i) test whether the abundance of individual foliage-gleaning bird species varied as a function of hardwood cover in early seral forest and (ii) evaluate whether adult abundance was associated with juvenile abundance in these stands. We examined abundances of adult male, female, and post-fledging juveniles across a gradient in vegetation structure that reflected a range of intensive forest management practices in early seral forest.
Methods

Study area
We conducted our study in the temperate coniferous forests of the Coast Range in western Oregon, USA. The climate is mild with wet winters and dry summers. Topography consists of relatively low peaks (1248 m maximum elevation), steep slopes, and high stream densities. Forests are dominated by Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), western red cedar (Thuja plicata Donn ex D. Don), red alder (Alnus rubra Bong.), and bigleaf maple (Franklin and Dyrness 1988) . Logging and wildfires over the past two centuries have resulted in a forest matrix of young and mature conifer forests interspersed with hardwood and old-growth patches (Spies et al. 2007b) . Our study area ranged between Mary's Peak and Dallas, Oregon, on the eastern flank of the Coast Range (44°5′20″ to 44°49′6″N, -123°24′34″ to -123°14′34″ W).
Stand selection
We conducted our surveys from 2008 to 2009 on state and private industrial forest lands. We sampled 27 early seral Douglas-fir plantations (12 in 2008 and 15 in 2009) and one alder plantation (in 2009) representing stand ages from 5 to 9 years of age and tree heights from 2 to 4 m. We used a randomized stratified sample to sample across a gradient in hardwood canopy cover using the following sampling strategy. First, we identified 102 candidate stands in the field that represented the maximum available gradient in hardwood cover (<5%-35%). Second, prior to randomization, we limited the degree to which stand-level hardwood was confounded with the proportion of hardwood at the landscape scale (2000 m; see Landscape and spatial data section below) by a priori exclusion of stands highly correlated in stand and landscape hardwood cover (correlation coefficient >0.7). To further control potential confounding factors, stands were excluded from consideration if they contained marshy patches or streams, unusually high or low stocking densities, and atypical retention characteristics (e.g., more than 10 retained mature trees or snags), occurred on very steep slopes (>70%), or were in adjacent proximity to ongoing management operations. This process yielded 52 suitable stands from which we randomly selected stands from strata representing 5% increments in hardwood cover. Due to the scarcity of stands close to the extremes of this gradient (i.e., <10%, >20%), complete random selection in all hardwood cover strata was not possible (i.e., we sampled all available stands at the ends of this gradient). Selected stands ranged in size from 4 to 41 ha and ranged in elevation from 150 to 688 m.
Bird mist net sampling
In all stands, we erected eight mist nets (12 m long, 2.6 m tall, 30 mm mesh, starting 0.5 m from ground height) to passively capture birds. We systematically deployed nets in two parallel rows of four with 50 m spacing between adjacent nets. Placement began 50 m from the stand edge and pro-ceeded into the stand. Prior to visiting field sites, we determined net locations using ArcGIS v9.3 (Environmental Systems Research Institute, Inc. 2008) with aerial imagery. At the fine scale (<10 m), the exact position and orientation of each net were designed to conceal and shade the net as much as possible. We sampled stands two times in 2008 and five times in 2009 during the breeding season (15 May -31 July) at 2-week intervals. All nets were opened at sunrise and operated for 5 h. Nets were temporarily closed or not operated in rain or wind. All birds captured (except hummingbirds) were fitted with a uniquely numbered United States Geological Survey aluminum leg band. We determined species, age, and sex (via skull pneumatization, plumage, and molt) and breeding status (as indicated by development of a cloacal protuberance or brood patch) (Pyle 2001) .
Preliminary field studies in 2008 included territory mapping and nest monitoring, which confirmed active nesting and fledging of all species that we considered within these stands. Telemetry tracking of Swainson's thrush (Rivers et al. 2012) indicated that mist netting captures may provide a better estimate of fledging success and recruitment than intensive nest searching and monitoring, as juvenile mortality is likely greatest in the first few days after fledging (du Feu and Mcmeeking 2004) . However, it is impossible to determine with certainty whether captured juveniles were fledged on-site or immigrated from nearby sites (DeSante et al. 1999) . Shortly after fledging, juveniles may have the necessary vagility to move from low to high hardwood cover stands (Anders et al. 1998 ). However, we restricted our mist netting period to the end of the breeding season in July so as to minimize the possibility of capturing independent juvenile immigrants.
Stand vegetation data
An apparent effect of stand-level hardwood cover on bird abundance could be confounded with other stand-level vegetation parameters, such as broadleaf cover, total vegetation cover, and mist net cover. For instance, bird abundance might be higher in stands with high hardwood cover simply because there is greater overall cover. Further, stands with high hardwood cover could positively bias capture rates if nets are more concealed in these stands. Thus, we statistically controlled for each of these parameters separately in our analysis. The parameter "hardwood cover" included all hardwood species, the parameter "broadleaf cover" included all broadleaved species, i.e., hardwoods and deciduous and nondeciduous shrubs, the parameter "total cover" included all live foliage, i.e., all grass, forb, fern, broadleaf, and conifer species, and the parameter "net cover" included all live foliage (regardless of species) above 0.5 m, which demarcated the lowest sampling height of the net.
To measure vegetation at the net and stand scales, we established 3 m radius circle vegetation plots adjacent to each net. For the stands sampled in 2008, we sampled one vegetation plot per net, totaling eight plots per stand: we randomly assigned plots to either side of the net 10 m perpendicular from the net center. For the stands sampled in 2009, we sampled three plots per net, totaling 24 plots per stand: we patterned plots in a triangle 120°apart and 10 m from the net center, beginning the first plot in a random direction. We visually estimated percent canopy cover of all species at two height classes (<0.5m and >0.5 m) to allow separate analysis of total cover and net cover. To maintain consistency in visual cover estimation, we calibrated all observers in visual cover estimation to within 10%, required multiple observers to compare independent cover estimates and agree on a final estimate value, and randomly rotated observers among points and plots. We calculated the mean cover of four parameters across all plots at the stand scale: hardwood cover, broadleaf cover, net cover, and total cover. Because we assessed vegetation cover within different height classes, it was possible for the mean total cover to exceed 100% when multiple plant layers existed (i.e., shrub cover beneath tree cover).
Landscape and spatial data
In addition to stand-level vegetation, we considered three covariates at larger spatial scales: landscape hardwood (percent cover of early seral hardwood canopy within a 2 km radius of stand center), elevation, and stand size (Appendix A). We quantified landscape hardwood cover using a predictive vegetation map of western Oregon generated with the Gradient Nearest Neighbor imputation method Gregory 2002) and ArcGIS v.9.3 (Environmental Systems Research Institute, Inc. 2008) . At broader spatial scales, vegetation composition predictions from this method closely match those measured in ground-based forest inventory plots (Ohmann and Gregory 2002) . These vegetation maps summarized at the 2 km spatial extent have previously been found to predict distributions of early seral associated forest birds (Betts et al. 2010) . We calculated stand elevation as the average elevation of the vegetation plots within each stand collected on-site with a Garmin Rino 110 or 120 GPS unit. We measured stand size with aerial imagery (Oregon 2005 half-meter orthoimagery DOQs; data available from the Oregon Imagery Explorer).
Bird abundance
We measured an index of bird abundance in each stand as the capture rates of new individuals standardized by net hour. We restricted analysis to leaf-gleaning species with a minimum sample size of 100 individuals. Leaf-gleaners were classified based on Ehrlich et al. (1988) , including species that are primarily insectivorous leaf-gleaners during the breeding season. We calculated abundance for each stand by age and sex; only adults in breeding condition (i.e., exhibiting a clearly developed brood patch or cloacal protuberance) were included in adult analyses to reduce the inclusion of floaters or nonbreeders that could obscure results.
Statistical analysis
We used linear regression models to assess the relationship between various vegetation or physical parameters and male, female, and juvenile bird capture rate. We used Akaike's information criterion with small sample correction (AIC c ) to assess the weight of evidence for alternative linear regression models (Burnham and Anderson 2002) . Prior to model selection, we examined residual plots for meeting linear regression assumptions of normal distribution and constant variance. We tested for outliers using Cook's distance. Regression assumptions were met when we log transformed stand-level hardwood cover and capture rates. To limit the total number of models tested, we adopted a two-stage approach to model se-lection. First, we tested whether abundance was best associated with (i) the null, intercept-only model or stand-scale parameters of (ii) hardwood cover, (iii) broadleaf cover, (iv) total cover, or (v) net cover. Second, to determine whether the above results were influenced by potential confounds at other spatial scales, we selected the single best supported of the five of these parameters and tested the additional influence of (vi) stand size, (vii) elevation, and (viii) landscape hardwood cover. This approach resulted in a set of eight models. No stand and landscape parameters were highly correlated (r 2 < 0.25) (summarized in Appendix A). AIC c is based on -2 × log-likelihood (L), the number of parameters in the model (K), and sample size (n). We determined the best-supported model by the lowest AIC c value, indicating greatest model parsimony and weight of evidence (w i ). We report the evidence ratio (ER) as a ratio comparison of w i with the top model. Finally, with consideration that research is typically based on singing males, we used simple linear regression to examine whether the capture abundance of females or juveniles was significantly correlated with male abundance. We report r 2 and a p value for these regression models. We conducted all statistical analyses using R 2.10.1 (R Development Core Team 2009).
Results
We captured 3963 individual birds of 51 species in 4024 net hours. We captured >100 individuals of five leaf-gleaning species: orange-crowned warbler (Oreothlypis celata (Say, 1823)) (n = 433), MacGillivray's warbler (Oporornis tolmiei (J.K. Townsend, 1839)) (n = 395), Swainson's thrush (Catharus ustulatus (Nuttall, 1840)) (n = 382), Wilson's warbler (Wilsonia pusilla (A. Wilson, 1811)) (n = 259), and black-headed grosbeak (Pheucticus melanocephalus(Swainson, 1827)) (n = 102). Top models for all species are summarized in Table 1 .
Orange-crowned warbler
Stand-level hardwood was consistently the best predictor for capture rates of male, female, and juvenile orangecrowned warblers (ER ≥ 1.4 for all other models) (Appendix B, Table B1 ). Juvenile capture rates increased more sharply with increasing hardwood cover (b = 0.32, 95% CI = 0.05 to 0.59, r 2 = 0.19) than capture rates of females (b = 0.17, 95% CI = -0.02 to 0.36, r 2 = 0.11) or males (b = 0.12, 95% CI = -0.02 to 0.25, r 2 = 0.11) (Appendix B, Table B2 ; Fig. 1 ). Male abundance was positively correlated with both female (r 2 = 0.31, p = 0.002) and juvenile (r 2 = 0.17, p = 0.027) abundance.
MacGillivray's warbler
Capture rates of MacGillivray's warblers were not associated with stand-level hardwood cover. For adults, the null model was most supported; for juveniles, total cover was the best-supported model (b = -0.009, 95% CI = -0.02 to 0.002, r 2 = 0.10), although net cover received a nearly equal amount of support (ER = 1.02, r 2 = 0.10) (Appendix B, Table B1 ). Contrary to expectations of net cover bias, capture rates decreased with increasing net cover (Appendix B, Table B2 ). Male abundance was strongly associated with female abundance (r 2 = 0.23, p = 0.009) but not juvenile abundance (r 2 = 0.05, p = 0.27).
Swainson's thrush
Juvenile Swainson's thrush were strongly associated with hardwood cover (b = 0.20, 95% CI = 0.04 to 0.36, r 2 = 0.19) ( Fig. 1; Appendix B, Table B2 ). The best-supported model included only stand-level hardwood, and models without this parameter were at least four times less likely (ER > 4.5) (Appendix B, Table B1 ). However, net cover was the best-supported model for both adult males (r 2 = 0.29) and females (r 2 = 0.23) (Appendix B, Table B2 ), indicating that capture rates of adult Swainson's thrush were positively biased by net cover. Male abundance was significantly correlated with female abundance (r 2 = 0.30, p = 0.003) but not juvenile abundance (r 2 = 0.04, p = 0.32).
Wilson's warbler
Stand-level hardwood was consistently included in the best models for capture rates of male, female, and juvenile Wilson's warblers (ER > 220 for all models not including stand hardwood for males and juveniles and ER = 2.45 for the null model compared with the best model for females) (Appendix B, Table B1 ; Fig. 1 ). Female capture rates were most associated with stand-level hardwood (b = 0.17, 95% CI = 0.001 to 0.34) and with elevation (b = 0.002, 95% CI = 0 to 0.003, full model r 2 = 0.22) (Appendix B, Table B2 ). Male capture rates were most associated with stand-level hardwood (b = 0.27, 95% CI = 0.08 to 0.47) and with stand size (b = -0.03, 95% CI = -0.05 to -0.004, full model r 2 = 0.45) (Appendix B, Table B2 ). Juvenile capture rates were also most associated with stand-level hardwood (b = 0.20, 95% CI = -0.01 to 0.41) and with stand size (b = -0.04, 95% CI = -0.07 to -0.02, full model r 2 = 0.47) (Appendix B, Table B2 ). Male abundance was significantly correlated with both female (r 2 = 0.45, p < 0.0001) and juvenile (r 2 = 0.59, p < 0.0001) abundance.
Black-headed grosbeak
Adult male and female black-headed grosbeak abundances were associated with stand-level hardwood ( Fig. 1; Appendix B, Table B1 ). Female capture rates were best correlated with stand-level hardwood (b = 0.17, 95% CI = -0.04 to 0.37) and stand size (b = -0.02, 95% CI = -0.05 to 0.003, full model r 2 = 0.57) (Appendix B, Table B1 ). Male capture rates were best correlated with stand-level hardwood alone (b = 0.22, 95% CI = 0.08 to 0.37, r 2 = 0.29) (Appendix B, Table  B2 ). The null model for male capture rates explained a significant proportion of variation in both female (r 2 = 0.27, p = 0.005) and juvenile (r 2 = 0.15, p = 0.04) abundance.
Discussion
Bird associations with hardwood species
Our results indicate that hardwood cover within managed plantations had a consistently positive association with the relative abundance of leaf-gleaning bird species breeding in early seral forest. The capture rates of adults and (or) juveniles for four out of five leaf-gleaning species were more strongly correlated with stand-level hardwood cover than with any other vegetation parameter. For orange-crowned warbler and Wilson's warbler, the abundances of males, females, and juveniles were all most associated with local hardwood cover. Capture rate of Swainson's thrush juveniles increased significantly with hardwood, although results for adults remain ambiguous, as we found evidence for net cover bias for adults of this species. This bias could be due to increased net awareness from a concurrent target netting and radiotracking study for adults of this species within our study sites using the same net locations. Regardless of the influence of net cover on adults, hardwood cover was strongly associated with juveniles of this species. Capture rate of blackheaded grosbeak adults increased with hardwood cover, while juveniles showed no relationship with any parameters. This could be due to small sample sizes of juveniles (n = 19) and the resulting lack of power to detect a hardwood effect (e.g., confidence intervals around parameter estimates were large). Morrison (1981) assessed foraging behaviors of MacGillivray's, Wilson's, and orange-crowned warblers in Oregon Coast Range clearcuts that were similar to our study sites and proposed that this warbler assemblage segregated habitat along a gradient of increasing deciduous tree cover (primarily cover of red alder, a hardwood species). MacGillivray's warblers were associated with the low end of this gradient and more often utilized nonhardwood shrub cover, such as salal (Gaultheria shallon Pursh), salmonberry (Rubus spectabilis Pursh), thimbleberry (Rubus parviflorus Nutt.), and sword fern (Polystichum munitum (Kaulfuss) K. Presl). Wilson's warblers utilized the high end of the deciduous tree gradient, foraging primarily on red alder, and showed limited preference for foraging on shrubs, while orange-crowned warblers foraged in the intermediate position, utilizing both shrubs and deciduous trees. Our findings are consistent with these specialized foraging preferences among species, as Wilson's warblers were indeed most strongly correlated with hardwood cover, orange-crowned warblers were also correlated, although with a smaller effect size, and MacGillivray's warblers were not correlated specifically with hardwood cover. Rather, juvenile MacGillivray's warblers were more associated with total vegetative cover, which further supports a partitioned foraging hypothesis.
Each hardwood species that we examined has been proposed as a provider of key sources of food and cover to nesting forest birds (Morrison and Meslow 1983; Hagar 2003 ). An individual hardwood tree or shrub species may have a particularly high resource value; however, the range of cover of individual hardwood species within our study stands was too small to allow insight into associations between these species and bird abundance (T.M. Ellis, unpublished data). While close associations between particular species may exist, managing only for species of interest would likely result in negative impacts to others. In post hoc analyses, we found no evidence that overall richness of plant species or even hardwood species alone was associated with community or species-specific bird abundance (T.M. Ellis, unpublished data), although it is important to note that these analyses were based on unrarefied counts of plant richness, which could be biased by unequal sampling effort and varying plant density among stands (Gotelli and Colwell 2001) . Additional studies with a priori hypotheses regarding plant species richness are needed to address such biodiversity questions.
We previously found that hardwood cover was more strongly associated with the abundance of insectivorous leafgleaning bird species than with non-leaf-gleaning species (Ellis and Betts 2011). This result suggests that availability of insect prey is a limiting factor in abundance of leaf-gleaning bird species. If increased hardwood cover results in more densely distributed prey items, the result could be increased foraging efficiency and reduced territory size, explaining the higher abundance of adults and juveniles that we observed (the food value theory of territoriality; Stenger 1958) . Indeed, Marshall and Cooper (2004) proposed that hardwood foliage density is a good predictor of the territory size necessary to raise offspring; territories in areas of higher foliage density were smaller and included more food. Increased foliage volume from hardwoods may also accommodate a greater number or diversity of nesting sites than hardwood-impoverished stands (Morrison and Meslow 1984) .
Ecological traps and evidence of productivity
Previous studies on some avian species in intensively managed early seral forests employed audiovisual census techniques (Morrison and Meslow 1983; Hansen et al. 1995) . These methods are primarily informative of male abundance, particularly of conspicuous singing males, but provide little or no information regarding abundances of females or juveniles, which are typically cryptic and challenging to observe (Ralph et al. 1993) . In addition, sexes may differ in their abilities to identify quality nesting habitat. Males establish and defend territories so that breeding site selection may be highly based on conspicuous interactions with neighbors; females spend more time on the nest caring for young, and site choice may be determined more strictly by the intrinsic quality (e.g., food availability), cover, and concealment of the nest site (Citta and Lindberg 2007) . Adults must rely on environmental cues to help them identify high-quality habitat, and ecological traps may occur when low-quality habitat is selected (Schlaepfer et al. 2002) . If sudden anthropogenic alterations change the cue or habitat quality so that one does not reliably indicate the other, poor-quality habitat may lure birds into nesting where survival or reproductive success is low (Battin 2004) .
Our mist netting methods allowed us to also examine abundances of males, females, and juveniles and investigate whether these intensively managed stands could be ecological traps; the presence of an ecological trap would be evidenced by no or negative correlations between adult abundance and indicators of productivity. Our results show that adult male and female abundances were significantly correlated in all five focal species, suggesting complimentary preferences in breeding habitat between sexes. We also observed significant positive correlations between male and juvenile abundance for three out of five species (orangecrowned and Wilson's warblers and black-headed grosbeak). As stand-level hardwood cover increased, so did the number of fledgling orange-crowned warblers, Wilson's warblers, and Swainson's thrushes. We would not expect such evidence of productivity (albeit indirect) if these stands were ecological traps. Indeed, the abundance of orange-crowned warbler juveniles increased even more sharply than adults across the hardwood gradient, suggesting the possibility that productivity or juvenile survival may also increase with hardwood cover for some species. Similarly, productivity or juvenile survival may be lower for black-headed grosbeaks, although failure to detect a hardwood relationship for juveniles of this species may only be due to the small sample size of juveniles. It is possible that other less-common leaf-gleaning species that we did not examine due to small sample sizes also increase in breeding pair and juvenile abundances with hardwood cover. Future studies of rarer species would benefit from focused research.
Study context and limitations
We do not know for certain whether captured juveniles were fledged on-site or immigrated from nearby sites (Dunn and Ralph 2004) . However, we restricted our mist netting period to the end of the breeding season in July so as to minimize the possibility of capturing independent juvenile immigrants. Multiple captured fledglings had only partially grown flight feathers, seemed incapable of sustained flight, and were observed accompanied by adults behaving parentally. Although recapture rates of juveniles were low, we observed no post-fledging movement among stands during our study, even between stands only 1 km apart. The small size of these species limits the feasibility of alternative approaches to examining juvenile survival and movement, such as tracking with radiotelemetry. However, a concurrent radiotracking study revealed that larger Swainson's thrush juveniles remained within natal stands for up to 4 weeks post-fledging (Rivers et al. 2012) .
As with most approaches to sampling animals, mist net sampling is prone to a number of detectability biases (Silkey et al. 1999) . We attempted to address these biases in our research design and analysis. For example, to avoid reporting results of apparent effects of hardwood that were actually artifacts of net cover, we differentiated between hardwood cover and net cover and identified any results biased by net visibility. Secondly, differences in behaviors between species, ages, and sexes may cause differences in capture probabilities (DeSante et al. 1999) , which is why this method should not be used for absolute measures of productivity. However, if age-specific differences are consistent across stands, our indices of abundance and productivity should be informative in detecting trends. Although it is possible that detection probability was inconsistent across stands, the variation in detectability was likely substantially less than the true differences among populations (Johnson 2008) .
Our results indicate that stand-level hardwood was associated with a biologically significant, yet small, portion of variance in abundance for four out of five avian species. Our information-theoretic approach tells only the relative value of a priori models, not their actual predictive ability, and the amount of variance explained by the strongest model was sometimes low (r 2 ranging from 0.10 to 0.57). Therefore, we remain cautious in interpretation of management implications. Avian habitat selection and use are still not well understood, despite the considerable research devoted to them (Jones 2001) . Unmeasured variation of the physical structure of a plant community, i.e., how the foliage is distributed (MacArthur and MacArthur 1961) , floristic composition of individual species (Lee and Rotenberry 2005) , and social aspects of habitat selection ) could all cause unexplained variation in abundance. An additional source of error may also be due to our approach to estimating hardwood cover rather than directly measuring plant biomass, which may be a more direct measure of food availability (Marshall and Cooper 2004) . We hypothesized that food availability would be linked to hardwood cover (Hammond and Miller 1998; Hagar et al. 2007) ; food is thus an additional unmeasured component that could significantly influence bird distributions and is a strong limiting factor in avian survival and reproductive success (Newton 1998) . Birds may also respond to habitat features at a variety of scales so that occurrence may be influenced by both local habitat characteristics and landscape features (Betts et al. 2006) . Landscape-scale factors such as patch isolation, habitat heterogeneity, surrounding vegetation types (e.g., agriculture or silviculture), and forest seral stage could affect animal movement and influence the abundance of nesting birds and predators within a stand (Rodewald and Yahner 2001) . Such landscape factors may be beyond the direct control of individual landowners, but attention to both local and landscapescale features may be useful in understanding local changes in populations (McGarigal and McComb 1995) .
Conclusions and management implications
We found compelling associations between early seral hardwood cover and both fledgling and adult life stages for four of five avian species. These results indicate that increasing the amount of hardwood in stands could positively influence densities of breeders and juveniles for declining species. Population declines have been observed in three of these species over the past 50 years (orange-crowned warbler: -3.2%/ year, 95% CI = -4.5 to -1.8, p < 0.005; Wilson's warbler: -1.1%/year, 95% CI = -1.7 to -0.4, p < 0.005; Swainson's thrush: -0.9%/year, 95% CI = -1.8 to 0, p = 0.07) (Sauer et al. 2008) . Although the ultimate causes of these population declines remain unclear, and could be due to events occurring in other periods of the annual cycle (e.g., wintering ground habitat loss), our results provide evidence that even small or moderate amounts of hardwood cover in intensively managed plantations (1%-33%) may provide good nesting habitat for breeding birds and juveniles. Our observations indicate that changes in management practices to increase hardwood cover will accommodate a greater number of breeding pairs and young, potentially leading to large conservation benefits for early seral associated birds.
Forest plantations are managed to provide needed wood products, although little attention has been given to potential overlapping conservation opportunities (Nájera and Simonetti 2010) . Retaining competing hardwood vegetation in plantations has been shown to negatively impact growth of young Douglas-fir (Maguire et al. 2009 ). However, providing small amounts of hardwood at the stand level may have relatively minor impacts to timber yield and provide simultaneous benefits to timber production and wildlife habitat. If adopted at landscape and regional scales, such practices may positively influence population trends of many declining bird species (Betts et al. 2010) . Future experimental studies are required to explicitly test for trade-offs between maintaining forest understory diversity and timber production.
Appendix A Appendix B Note: Models are ranked in ascending order by Akaike's information criterion (AIC c ) adjusted for small sample sizes. The maximized log-likelihood value (L) multiplied by -2, the number of parameters (K), the difference between the best model and all other models (DAIC c ), the relative likelihood of a model, AIC c weights (w i ), and evidence ratio (ER) are given for each model. 
